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Summary
Introduction:  In  children  with  cerebral  palsy  the  abnormal  activity  of  the  rectus  femoris  (RF)
during the  swing  phase  results  in  ‘‘stiff-knee  gait’’.  Transferring  the  RF  to  a  knee  ﬂexor  tendon
improves this  stiffness.  The  effect  may  be  limited  by  adhesions  from  scar  tissue  or  from  angular
deviations  along  the  surgically  created  muscle  tendon  route.
Hypothesis:  The  goal  of  this  study  was  to  assess  the  effect  on  gait  of  a  single  event  multilevel
surgery protocol,  and  provide  a  detailed  description  of  the  transfer  technique.
Patients and  methods:  Forty-eight  RF  transfers  were  studied  in  26  children  and  adolescents
12 ±  3  years  old  after  a  follow  up  of  25  ±  10  months.  Quantiﬁed  gait  analysis  was  performed  pre-
and postoperatively  to  calculate  spatiotemporal  variables,  3D  kinematics,  the  Gait  Deviation
Index (GDI)  and  a  knee  stiffness  score  (Goldberg  index).  A  standardized  surgical  procedure  was
followed: RF  release,  gracilis  tendon  preparation  as  well  as  the  transfer  and  suture  techniques
are described.
Results:  Step  length  improved.  Gait  velocity  and  cadence  were  not  modiﬁed.  Gait  quality
improved (+13  ±  11GDI)  with  an  inverse  relationship  between  the  preoperative  GDI  and  its
improvement.  Improvement  of  the  preoperative  Goldberg  index  in  74%  of  the  cases  was  due  to
◦ ◦modiﬁcations  of  knee  ROM  from  toe-off  to  peak  ﬂexion  (+7 ),  total  knee  ROM  (+16 )  and  timing
of peak  knee  ﬂexion  in  percentage  of  swing  (from  51  to  40%  of  swing).
Discussion:  The  surgical  protocol  presented  here  is  discussed  in  relation  to  the  results.
Level of  evidence:  IV,  retrospective  study.
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ntroduction
uring  normal  gait  the  rectus  femoris  (RF)  is  activated  dur-
ng  the  transition  between  the  stance  and  swing  phases  to
ontrol  knee  ﬂexion  [1].  In  children  with  cerebral  palsy,
F  hyperactivity  results  in  excessive  prolonged  contraction
uring  the  swing  phase.  This  abnormal  activity  limits  knee
exion  during  swing  [2—8]  contributing  to  a  gait  anomaly
alled  ‘‘stiff  knee  gait’’.  Different  treatments  have  been
roposed  for  this  gait  anomaly:  chemical  paralysis  by  botulin
njections,  distal  release  or  resection  of  the  RF  muscle  or  its
ransfer  to  a  ﬂexor  tendon  of  the  knee.  Although  the  muscle
s  still  spastic  once  it  has  been  transferred  it  preserves  its
unction  as  ﬂexor  of  the  hip  and  is  supposed  to  become  a
exor  rather  than  an  extensor  of  the  knee  [4,5].
Numerous  studies  have  investigated  the  results  of  this
ransfer.  All  of  them  used  kinematics  [3,4,6,7,9—27]. Certain
ave  associated  kinetic  measurements  [19,27],  electromyo-
raphic  recordings  [11,17,20]  and  functional  results  [13,15].
ll  of  these  studies  concluded  that  the  results  of  transfer  of
he  RF  were  positive.
The  potential  ﬂexion  effect  of  transfer  on  moment  arms
as  been  validated.  How  the  moment  arm  will  be  modiﬁed
an  also  be  predicted  by  computer  models  [28].  However,
n  vivo,  it  has  been  observed  that  RF  transfer  generates
 knee  extension  moment  during  electric  stimulation  [29].
ther  studies  [30,31]  have  noted  the  presence  of  scar  tis-
ue  between  the  RF  and  adjacent  structures.  This  paradox
etween  the  potential  action  and  in  vivo  reality  suggests
hat  transfer  does  not  act  as  a  knee  ﬂexor.
Scar  tissue  and  angular  deviations  along  the  entire  RF
uscle-tendon  tract  are  potential  complications,  which
ould  explain  the  above-mentioned  paradox.  These  are
ighly  dependent  upon  the  surgical  technique.
The  aim  of  this  study  was  to  evaluate  the  overall  effect
f  multilevel  surgery  associated  with  a  speciﬁcally  described
echnique  of  surgical  transfer  of  the  RF  muscle.  A  retro-
pective  longitudinal  study  was  performed  by  evaluating  the
ffect  of  surgery  on  different  parameters.
atients and  methods
atients
wenty-six  children  and  adolescents  participated  in  this
tudy  (12  ±  3  years  old).  Children  and  parents  gave  their
nformed  consent.  All  participants  underwent  a  clinical
xamination  and  quantiﬁed  gait  analysis  before  surgery  and
5  ±  10  months  after  surgery.
urgical  procedure
 speciﬁc  surgical  procedure  was  developed  to  ensure
ppropriate  management  of  RF  transfer  and  ﬁxation.  A  lon-
itudinal  incision  was  made  on  the  distal  femur  beginning
t  the  superomedial  pole  of  the  patella  extending  10  cm
roximally.  The  intervals  between  the  RF  muscle,  the  vas-
us  medialis,  the  vastus  lateralis  and  the  vastus  intermedius
ere  ﬁrst  identiﬁed  proximally.  The  RF  was  separated  from
he  three  vastes  at  this  point.  The  RF  muscle  and  tendon
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ere  completely  released  until  half  way  up  the  thigh  so
hat  the  direction  of  transfer  would  be  straight  (Fig.  1A).
issection  was  continued  distally  to  2  cm  above  the  proxi-
al  side  of  the  patella.  The  RF  tendon  was  then  separated
rom  the  quadriceps  tendon  and  resected  without  penetrat-
ng  the  knee  joint.  The  gap  between  the  vastus  medialis  and
he  vastus  lateralis  was  closed  by  pulling  together  these  two
uscles  along  the  median  line  therefore  covering  the  vastus
ntermedius,  with  the  knee  ﬂexed  at  90◦ (Fig.  1B).
Hamstring  lengthening  was  often  performed  with  a
econd  incision  beginning  above  the  popliteal  fossa  and
xtending  10  cm  proximally  medially  and  in  front  of
he  medial  hamstrings.  Intramuscular  lengthening  was
erformed  on  the  semitendinosus  and  semimembranosus
endons.  The  belly  of  the  gracilis  tendon  was  dissected
roximally  then  released  distally  (Fig.  2A).
At  the  initial  incision,  the  fascia  of  the  vastus  medi-
lis  was  separated  from  the  underlying  muscle  creating  a
ubfascial  interval  leading  to  the  medial  intermuscular  sep-
um.  This  was  then  divided  longitudinally  to  shift  the  gracilis
endon  from  the  posterior  compartment  to  the  anterior  com-
artment  of  the  thigh  (Fig.  2B).
The  gracilis  tendon  was  sutured  to  the  RF  tendon  on  the
edial  and  distal  side  of  the  thigh  wrapped  in  the  large  RF
endon.  Tension  necessary  for  transfer  was  controlled  with
he  knee  in  20◦ of  ﬂexion.  This  was  obtained  by  2  U  stitches
laced  at  the  beginning  and  end  of  the  juxtaposition  of  the
wo  tendons  (Fig.  3A—C).  A  continuous  suture  was  then  per-
ormed  burying  the  gracilis  in  the  RF  tendon  (Fig.  3D,  E).
inally  the  path  of  pull  of  the  entire  muscle-tendon  transfer
as  as  direct  as  possible  (Fig.  4).
ssociated  surgical  procedures  and  techniques
he  procedures  and  techniques  are  as  follows:
 in  the  presence  of  patella  alta,  a  third  incision  was  made
on  the  lateral  side  of  the  patella  extending  distally  to  the
tibial  tuberosity.  The  patellar  ligament  was  identiﬁed.  A
patella  alta  may  be  lowered  by  transferring  distally  the
tibial  tubercule  or  by  a  rectangular  transpatellar  and  tib-
ial  wired  frame  protecting  the  patellar  ligament,  which  is
divided  and  shortened;
 if  the  gracilis  tendon  thickness  was  not  sufﬁcient,  the
semitendinosus  could  be  used  with  the  same  transfer
technique;
 if  lengthening  of  the  hamstrings  was  not  necessary,  dis-
section  was  limited  to  the  gracilis  tendon.
This  study  included  48  RF  transfers.  Associated  surgical
rocedures  included:  44  intramuscular  lengthening  of  the
edial  hamstrings,  lowering  of  the  patella  [16],  femoral
erotation  osteotomies  [19], lengthening  of  the  adductors
nd/or  the  psoas  [10],  surgery  of  the  leg  and/or  foot  [32].
uantiﬁed  gait  analysisait  analysis  was  performed  pre-  and  postoperatively
sing  a  modiﬁed  Helen  Hayes  [32,33]  model  with  anatom-
cal  markers  on  the  femoral  condyles  and  the  medial
alleollus  (BiogestaTM SAGA3RT  then  ViconTM 8xMX20).
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Figure  1  Anteromedial  intraoperative  view  of  the  left  thigh  (patella  is  to  the  right).  A.  Exposure  of  the  quadriceps.  The  rectus
femoris muscle  (RF)  is  dissected  free  from  the  vastus  lateralis  (VL),  vastus  intermedius  (VI)  and  vastus  medialis  (VM)  beginning
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eproximally. The  RF  tendon  is  divided  (dark  line)  above  the  patella
in the  mid  line  these  two  muscles.
The  spatiotemporal  parameters  (mean  speed,  cadence,
right  and  left  step  length,  duration  of  single  and  double
stance),  kinematics  and  kinetics  were  recorded.  Preoper-
ative  electromyographic  (EMG)  recordings  were  obtained
(MotionLabsTM device  then  AurionTM Zero-Wire).  Surface
electrodes  were  positioned  on  the  RF  and  the  vastus  later-
alis  according  to  SENIAM  guidelines  [34].  Speciﬁc  tests  were
performed  to  conﬁrm  placement  of  these  electrodes  [35].
Overall  gait  quality  was  calculated  by  the  Gait  Deviation
Index  (GDI)  [36].  The  GDI  provides  linear  quantiﬁcation  of
the  difference  between  the  patient’s  gait  and  ‘‘normal’’
gait.  Thus  a  score  of  100  indicates  a  normal  gait  and  any
reduction  of  this  score  by  10  units  indicates  one  standard
deviation  from  a  normal  gait.
The  Goldberg  index  [19]  was  calculated  in  relation  to
knee  kinematics  (peak  knee  ﬂexion,  knee  ﬂexion  ROM  from
toe-off  to  peak  ﬂexion,  total  knee  range  of  motion,  timing
of  peak  knee  ﬂexion  as  a  percentage  of  swing)  to  determine
A
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Figure  2  A.  Posteromedial  intraoperative  view  of  the  distal  left  thi
belly and  divided.  B.  Anteromedial  view  of  the  left  thigh  (patella  is  
longitudinally  allowing  the  Gr  tendon  to  migrate  from  the  posterior  to
ST: semitendinosus.The  defect  between  the  VM  and  VL  is  repaired  by  approximating
hether  the  44  lower  limbs  were  ‘‘stiff’’,  ‘‘borderline’’
r  ‘‘non  stiff’’.  If  one  of  these  variables  differed  from
he  norm,  the  index  increased  by  one  point.  The  index
or  a  ‘‘stiff  knee’’  was  4  or  3.  An  index  of  2  indicated  a
‘borderline  knee’’.  The  index  for  ‘‘non  stiff  knees’’  was  1
r  0.
Statistical  assessment  of  the  inﬂuence  of  surgery  was
erformed  using  the  paired  Student  t-test.  The  correlation
etween  surgery  and  knee  stiffness  was  evaluated  by  the
tuart-Maxwell  test.  The  effects  of  independent  variables
nd  associated  surgery  except  for  hamstring  lengthening
lowering  of  the  patella,  femoral  derotational  osteotomies,
engthening  of  adductors  and/or  psoas  and  leg  and/or  foot
urgery)  on  the  kinematic  parameters  of  the  knee  were
valuated  by  multifactorial  linear  ANOVA.  Based  on  these
NOVA,  the  estimated  mean  differences  and  95%  conﬁdence
ntervals  were  calculated  by  post-hoc  Tuckey  tests.  A  P-value
nder  0.05  was  considered  to  be  signiﬁcant.
gh.  The  tendon  of  the  Gracilis  (Gr)  is  dissected  inside  its  muscle
to  the  right).  The  Medial  Intermuscular  Septum  (MIS)  is  divided
 the  anterior  compartment  of  the  thigh.  SM:  semimembranosus;
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Vigure  3  The  tendon  of  the  Gracilis  (Gr)  is  sewn  to  the  ten
utures at  the  beginning  and  end  of  the  overlapping.  D,  E.  A  rulinical  evaluation
 complete  pre-  and  postoperative  neuro-orthopedic  exam-
nation  that  was  speciﬁc  for  children  and  adolescents  with
igure  4  Final  anteromedial  view  showing  the  approximation
f the  vastus  lateralis  (VL)  and  vastus  medialis  (VM).  The  trans-
erred  RF  on  the  Gracilis  (Gr)  follows  a  straight  line  up  to  the
IS in  the  interval  between  the  fascia  and  the  muscle  of  the
M.
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if  the  RF.  A—C.  The  tension  of  the  transfer  is  secured  by  two
 suture  is  performed  embedding  the  gracilis  in  the  RF  tendon.
erebral  palsy  was  performed  including,  in  particular,  the
uncan/Ely  test.  Patient  function  was  classiﬁed  by  the  Gross
otor  Function  Classiﬁcation  System  (GMFCS)  [37].
ndications  for  surgery
riteria  for  the  indication  of  RF  transfer  were  the  pres-
nce  of  a  positive  Duncan/Ely  test,  a  signiﬁcantly  prolonged
MG  in  swing,  and  kinematic  disturbances  such  as  a  reduced
nd/or  delayed  knee  ﬂexion  peak  in  swing.
esults
he  Duncan/Ely  test  was  positive  and  the  EMG  was  signiﬁ-
antly  prolonged  in  swing  in  all  patients.  The  preoperative
istribution  of  the  GMFCS  was  I:7,  II:11,  III:6  and  IV:1.
Table  1  shows  the  changes  in  spatiotemporal  parameters
nd  the  GDI.  Step  length  increased  (+0.04  ±  0.1  m).  Overall
ait  quality  according  to  the  GDI  improved  in  all  patients
xcept  two  (P  <  0.05).  Pre-  and  postoperative  gait  was
2  ±  9  (min  =  38;  max  =  80)  and  75  ±  8  (min  =  47;  max  =  88)
espectively.  Mean  improvement  was  +13  ±  11  (min  = −13;
ax  =  41).
There  was  an  inverse  correlation  between  the  preoper-
tive  GDI  and  its  increase  (Fig.  5).  Thus  the  greater  the
nitial  gait  disturbance  was,  the  greater  the  postoperative
mprovement  (Pearson  coefﬁcient  =  −0.66;  P  <  0.05).
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Table  1  Spatiotemporal  parameters  before  and  after  surgery  (mean  and  standard  deviation  [SD]).  Signiﬁcant  modiﬁcations  are
indicated in  the  Student  t-test  column  by  P  <  0.05.
Presurgery  Post-surgery  Student  t-test  (P)
Mean  SD  Mean  SD
Mean  velocity  0.85  0.31  0.84  0.33
Cadence 117  24  106  25
Step length  0.41  0.12  0.45  0.12  <  0.05
GDI 62  9  75  8  <  0.05
GDI: Gait Deviation Index.
Table  2  Sagittal  plane  knee  parameters  before  and  after  surgery  (mean  and  standard  deviation  [SD]).  Signiﬁcant  modiﬁcations
are indicated  in  the  Wilcoxon  test  column  by  P  <  0.05.
Presurgery Post-surgery  Wilcoxon  test  (P)
Mean  SD  Mean  SD
Peak  Knee  Flexion  in  swing  (◦)  59  15  59  10
Knee ROM  from  toe-off  to  peak  ﬂexion  (◦)  14  7  21  10  <  0.05
Knee ROM  total  (◦)  32  13  48  13  <  0.05
14  40  7  <  0.05
Table  3  Goldberg’s  Index  modiﬁcations  posttransfer.
Stuart-Maxwell’s  test  indicates  a  signiﬁcant  effect  P  <  0.05.
Post-surgery
Non  Stiff  Borderline  Stiff
PresurgeryTiming of  peak  knee  ﬂexion  (%  swing)  51  
Changes  in  the  sagittal  kinematic  parameters  of  the  knee
and  the  associated  surgical  procedures  are  presented  for
each  lower  limb  in  Supplementary  data,  Table.  Table  2
presents  a  summary  of  the  change  in  these  parameters.  Knee
ﬂexion  ROM  from  toe-off  to  peak  ﬂexion  (+7◦),  the  total  knee
ROM  (+16◦)  and  the  timing  of  peak  knee  ﬂexion  in  percentage
of  swing  (51—40%  of  swing)  all  improved.The  preoperative  Goldberg  index  showed  8  ‘‘stiff  knees’’
and  27  intermediate  knees.  There  were  35  postoperative
‘‘non  stiff’’  knees  and  10  borderline.  Twenty-six  legs  had
improved  in  at  least  one  category  (6  in  two  categories).  The
Figure  5  Negative  correlation  between  the  presurgery  Gait
Deviation  Index  (GDI)  and  the  improved  GDI.
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oldberg  Index  improved  in  74%  of  patients  who  presented
ith  preoperative  swing  disturbances  (P  <  0.05)  (Table  3).
Adductor  and/or  psoas  lengthening  inﬂuenced  improve-
ent  in  peak  knee  ﬂexion  (F  = 5.14;  P  <  0.05)  (+13◦;  95%  CI:
◦,  25◦).  Also,  surgery  of  the  leg  and/or  foot  inﬂuenced
mprovement  in  total  knee  ﬂexion  range  of  motion  (F  =  5.44;
 <  0.05)  (+10◦; 95%  CI:  1◦,  18◦).  Except  for  hamstring  length-
ning,  the  other  associated  surgical  procedures  did  not
nﬂuence  kinematic  parameters  (Supplementary  data).
iscussion
his  study  describes  a  technique  for  RF  transfer  and  evalu-
tes  the  results  in  relation  to  multilevel  surgery  of  the  lower
imbs.  This  assessment  is  based  on  changes  in  spatiotemporal
arameters,  kinematics,  and  certain  indices  (GDI,  Goldberg)
f  gait  analysis  data.  Gait  quality  improved  signiﬁcantly
+13  ±  11  GDI)  and  there  was  also  an  inverse  relationship
ith  the  preoperative  GDI.  Thus  the  more  the  gait  was
isturbed  before  surgery,  the  greater  the  improvement  fol-
owing  surgery.  These  results  support  a  recent  study  showing
hat  the  efﬁcacy  of  transfer  is  dependent  upon  initial  swing
isturbances  [38].
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The  Goldberg  index  summarizes  sagittal  kinematic
nomalies  of  the  knee  and  showed  an  improvement  in  knee
tiffness  in  74%  of  cases.  This  corresponds  to  improvements
n  knee  ﬂexion  from  toe-off  to  peak  ﬂexion,  total  knee  range
f  motion  and  the  timing  to  peak  ﬂexion.  A  lack  of  improve-
ent  in  peak  knee  ﬂexion  in  swing  has  already  been  reported
12,13,39]  with  different  interpretations.  We  explain  it  in
ur  study  by  the  low  limitations  of  this  preoperative  param-
ter.
These  kinematic  results  must  be  assessed  in  relation
o  the  speciﬁc  surgical  techniques.  For  some,  the  choice
f  techniques  is  based  on  scientiﬁc  evidence,  for  others
n  the  surgeon’s  preferences.  In  this  series  the  choice  of
F  transfer  to  the  gracilis  was  unequivocal.  Certain  sur-
eons  transfer  the  RF  to  the  semitendinosus  because  it
esults  in  a  larger  peak  knee  ﬂexion  moment  arm  than  other
otential  transfer  sites  (gracilis  or  sartorius)  [28].  Although
he  reported  results  have  been  similar  [6,7,9,11,20],  and
ecause  a  choice  had  to  be  made  without  objective  evi-
ence,  transfer  to  the  semitendinosus  was  not  performed
o  prevent  disturbing  the  sagittal  balance  of  the  pelvis.  Lat-
ral  transfer  to  the  iliotibial  tract  is  much  less  common  than
ther  medial  transfers.  This  was  not  chosen  because  theo-
etically  it  does  not  produce  a  knee  ﬂexion  moment  [28]
lthough  a  few  studies  have  reported  comparable  results
20,23].
Subcutaneous  transfers  have  been  described  [11,30,40].
ur  choice  of  deep  dissection  under  the  fascia  covering  the
astus  medialis  [41]  prevents  a  residual  stump  under  the  skin
hile  exposing  the  medial  intermuscular  septum.  A  large
indow  is  created  in  the  septum  to  facilitate  a  direct  path
or  the  transfer.  It  should  be  noted  that  angular  deviations
nd  the  presence  of  tissue  adhesions  have  been  reported
uring  subcutaneous  transfers  [30]  but  not  subfascial  trans-
ers.
Two  different  anastomotic  techniques  have  been
escribed  to  suture  a  small  (gracilis)  to  a  large  (RF)
endon:  the  Pulvertaft  tendon  weave  technique  and  the
unning/continuous  suture,  which  buries  the  gracilis  tendon
n  the  RF.  With  the  ﬁrst  technique  the  gracilis  is  weaved
hrough  the  RF  several  times  increasing  the  risk  of  injury
o  both  tendons.  The  second  technique  was  chosen  because
t  facilitates  adjustment  of  tension  and  allows  stable,  rigid
nastomosis.
The  gap  between  the  vastus  medialis  and  the  vastus  later-
lis  should  be  repaired  by  approximating  in  the  midline  these
wo  muscles  in  front  of  the  vastus  intermedius.  A  suture  with
he  knee  in  90◦ ﬂexion  should  be  performed  to  avoid  exten-
ion  contracture  of  the  knee.  The  goal  of  this  procedure  is
o  preserve  the  extension  lever  arm  of  the  vastus  medialis
nd  lateralis  muscles,  which  would  be  diminished  if  they
ere  left  to  slide  laterally.  This  hypothesis  requires  further
iomechanical  studies.
In this  series,  improvement  in  total  knee  range  of  motion
as  inﬂuenced  in  particular  by  improvement  in  extension
n  stance.  Associated  surgical  procedures  played  a  role  such
s  hamstring  lengthening  as  well  as  the  potential  effect  of
pproximating  the  vasti.The  results  of  this  retrospective  series  depend  upon  all  of
he  associated  surgical  procedures  as  well  as  clinical  crite-
ia  for  surgery.  These  criteria  were  similar  to  those  that
ave  been  frequently  described  in  other  studies  [8,11,42].
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mproving  and  standardizing  these  criteria  is  an  important
opic  of  future  studies  [27].  Thus  modiﬁcations  in  the  Dun-
an  Ely  Test  have  already  been  made,  and  its  predictive
alue  is  a  subject  of  debate  [20,43]  especially  in  cases  of
xcessive  femoral  antetorsion  [44]. The  diagnostic  and  pro-
nostic  value  of  EMG  recording  is  also  a  topic  of  debate
11,17,20]. The  kinematic  criteria  were  a  reduction  in  peak
nee  ﬂexion  and/or  a  delayed  ﬂexion  in  swing.  Despite  those
riterion,  the  retrospective  results  of  the  Goldberg  index  in
ertain  legs  (n  =  13)  were  ‘‘non-stiff’’  as  this  index  addition-
lly  includes  total  and  swing  knee  ﬂexion  range  of  motion.  It
hould  be  noted  that  this  study  does  not  compare  the  differ-
nt  surgical  procedures  to  treat  ‘‘stiff  knee’’  gait  (different
F  transfer  procedures,  tenotomies  or  resection  of  the  distal
endon)  [45,46].
All  patients  underwent  associated  orthopedic  procedures
hat  could  inﬂuence  the  results  of  RF  transfer.  It  has  been
hown  that  transfer  results  are  independent  of  associated
urgeries  when  at  least  an  hamstring  lengthening  was  per-
ormed  [24]. This  was  the  case  in  our  series  except  in  four
egs.  Comparable  results  were  found  in  our  series  between
ost  of  the  other  associated  procedures,  except  hamstring
urgery,  and  the  variables  of  ‘‘stiff  knee’’  gait.  The  only
elationships  found  were  between  an  improvement  in  peak
nee  ﬂexion  and  adductor  and/or  psoas  lengthening  and
etween  improved  total  knee  ﬂexion  range  of  motion  and
eg  and/or  foot  surgery.  These  surgical  procedures  were
ssociated  in  10  and  32  lower  limbs  respectively.  However,
t  should  be  noted  that  no  relationship  of  the  associated
rthopedic  procedures  was  found  with  an  improvement  in
he  time  to  peak  ﬂexion  or  in  the  knee  ﬂexion  range  of
otion  in  swing.  Thus  these  two  results  in  our  series  are
ue  to  RF  transfer  (associated  with  lengthening  of  the
amstrings).
This  study  of  the  speciﬁc  role  of  RF  transfer  is  timely.
he  randomized  study  by  Dreher  et  al.  [47]  conﬁrmed  the
ffect  of  RF  and  also  speciﬁed  its  indication  in  patients
resenting  with  limited  ﬂexion  range  of  motion  in  affected
nees.
In  conclusion,  our  study  conﬁrms  that  overall  gait
uality  and  knee  ‘‘stiffness’’  were  improved  after  multi-
evel  surgery  of  the  lower  limbs  including  RF  transfer.  It
ust  be  emphasized  that  the  more  the  gait  is  disturbed
reoperatively,  the  greater  the  improvement  following
urgery.
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Appendix A. Supplementary data
Supplementary  data  associated  with  this  article  can  be
found,  in  the  online  version,  at  http://dx.doi.org/10.1016/
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